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ABSTRACT 
This study describes the advances in spotted rose snapper Lutjanus 
guttatus juveniles production. The broodstock (three groups, each of ten 
females, mean ± SD: 0.91 ± 0.2 kg and 20 males 1.2 ± 0.3 kg) with two 
years, were acclimated for 1.5 years in three communal cylindrical fi-
berglass tanks (18-m3). Fertilized eggs were obtained during natural 
spawning seasons. Floating eggs (average 90 ± 2%) were collected be-
tween 12 to 14 h after spawning. An average of 97% of them were trans-
parent with live embryos. For the larval rearing process, initial stock-
ing densities were 196 ± 70 embryos/l, incubated in twelve 6-m3 cylin-
drical fiberglass tanks with 3-m3 of water. The incubation period was 20 
h at 26-28 °C. Hatching and survival at 48-h post-hatch (hph) were 90 ± 
2% and 55 ± 10%, respectively, with an average of 281,258± 92,202 48-h 
larvae per tank and 105 ± 33 larvae/l at first feeding. A total of 338,812 
juveniles with 45 days post-hatched (dph) were harvested, at an aver-
age of 28,234 ± 11,890 per larval rearing tank (2.4±1.0/l), and 180,000 
juveniles (BW: Body weight of 5-8 g) from the nursery tanks with 90 
dph. Average survival from first feeding to end of 45 dph rearing period 
was 12 ± 9%. The average harvest weight was 0.47 ± 0.10 g BW and the 
average final biomass per larval tank was 13 kg. An efficiency index 
at 45 days culture was 10 / 48-h larvae/juvenile, while at 90 dph the 
efficiency index was 19 / 48-h larvae/juvenile. The result showed that 
changes to the previous culture protocols of the CIAD-Mazatlan fish 
plant, ensure a higher production of juveniles.

KEY WORDS: snapper, Lutjanus guttatus,  massive production, larval 
and juvenile rearing
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RESUMEN
El presente estudio describe los avances en 
la producción de juveniles del pargo flamen-
co Lutjanus guttatus. Los reproductores (tres 
grupos, cada uno de 10 hembras, media ± SD: 
0.91± 0.2 kg y 20 machos 1.2 ± 0.3 kg) con dos 
años, fueron aclimatados por 1.5 años en tres 
tanques comunales cilíndricos de fibra de vi-
drio (18-m3). Los huevos fertilizados fueron 
obtenidos durante las temporadas naturales 
de desove. Los huevos flotantes (promedio de 
90 ± 2%) se colectaron entre 12 a 14 horas 
post-desove. En promedio, el 97% de ellos fue-
ron transparentes, con un embrión vivo. La 
densidad inicial de siembra para la cría larval 
fue de 196 ± 70 embriones/l, incubados en doce 
tanques cilíndricos de 6-m3 con 3-m3 de agua. 
El periodo de incubación fue de 20 h a 26-28 
°C. Los porcentajes de eclosión y de supervi-
vencia a las 48- horas post-eclosión (hpe) fue-
ron 90 ± 2% y 55 ± 10%, respectivamente, con 
un promedio de larvas de 48-hpe de 281,258 
± 92,202 por tanque y 105 ± 33/l. Se cosechó 
un total de 338,812 juveniles con 45 días des-
pués de la eclosión (dpe) a una densidad pro-
medio de 28,234 ± 11,890 por tanque (2.4 ± 
1.0/l). En el alevinaje se cosecharon 180,000 
juveniles de 90 dpe (peso del cuerpo: 5-8 g). La 
supervivencia desde la primera alimentación 
hasta los 45 dpe fue de 12 ± 9 %, con un peso 
medio de 0.47 ± 0.10 g y una biomasa final por 
tanque de 13 kg. El índice de eficiencia a los 
45 días de cría fue de 10 larvas de 48 hpe por 
juvenil producido, mientras que a los 90 dpe 
el índice fue de 19 larvas de 48 hpe por juvenil 
producido. Los resultados mostraron que los 
cambios a los previos protocolos de cultivo de 
la planta de peces CIAD-Mazatlán, aseguran 
una mayor producción de juveniles.

PALABRAS CLAVE: pargo, Lutjanus guttatus, pro-
ducción masiva, cría de larvas y juveniles

INTRODUCTION
The snappers (family Lutjanidae) are 
highly valued for human consumption, 
with a high and unsatisfied market de-
mand around the world. Snapper fishe-
ries are considered overexploited in many 

areas (Davis et al., 2000; Amorim et al., 
2019), and their culture production is still 
limited (FAO, 2019). Red mangrove snap-
per Lutjanus argentimaculatus and John’s 
snapper Lutjanus johnii are the most cul-
tured snapper species, in the Indo-Pacific 
region (FAO, 2019).

In general, snapper aquaculture has 
depended on unsustainable and unpre-
dictable capture of wild juveniles in coas-
tal waters to stock most grow-out facilities 
(Davis et al., 2000; Surtida and Buendia, 
2002). Although, there are some protocols 
to produce juveniles in pilot hatchery con-
ditions, e.g. mutton snapper Lutjanus ana-
lis (Watanabe et al., 1998; Benetti et al., 
2002), red mangrove snapper Lutjanus ar-
gentimaculatus (Duray et al., 1996; Leu et 
al., 2003), red snapper Lutjanus campecha-
nus (Ogle and Lotz, 2006) and yellowtail 
snapper Ocyurus chrysurus (Turano et al., 
2000; Gutierrez-Sigeros et al., 2018), the 
juveniles mass production is still inconsis-
tent in many facilities.

The main requirement for commercial 
aquaculture is to establish a mass juve-
nile production protocol (Tucker, 1998). 
Therefore, is crucial to develop new proce-
dures for stable, reliable, and cost-effective 
mass production at a pilot-commercial sca-
le. In this context, spotted rose snapper L. 
guttatus is an emerging species with com-
mercial importance in Mexico and other 
Latin American countries. In consequen-
ce, research is being carried out in Mexico 
and Costa Rica to mass-produce this spe-
cies for commercial purposes. The commer-
cial culture has been established in Costa 
Rica (Sardenberg et al., 2014), but a des-
cription of constant juvenile mass produc-
tion procedures, has not been reported yet, 
except the preliminary work by Alvarez-
Lajonchere et al. (2012).
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Research with spotted rose snap-
per at the Research Centre for Food 
and Development (CIAD) in Mazatlan 
(Mexico), started in 2003 with wild ma-
tured breeders recently caught (Ibarra-
Castro and Duncan, 2007), followed by the 
experimental production of juveniles (Abdo 
de la Parra et al., 2010). The first larval 
rearing at pilot-scale produced 22 000 ju-
veniles and were harvested from a single 
trial using naturally spawned eggs from 
a captive broodstock (Ibarra-Castro and 
Alvarez-Lajonchère, 2009, 2011; Alvarez-
Lajonchère et al., 2012). Consequently, the 
purpose of this study is to describe and exa-
mine the results of the follow-up research 
on juvenile mass production procedures on 
a pilot-scale at  CIAD-Mazatlan fish plant, 
modifying the traditional protocol to apply 
it at a commercial scale.

MATERIAL AND METHODS
Egg production

Three groups of ten females (0.91 ± 0.2 kg 
body weight (BW) and 20 males (1.2 ± 0.3 
kg BW) each, after their first spawning 
season with two years, were acclimatized 
for one and a half years in three commu-
nal maturation spawning cylindrical fi-
berglass tanks (3.5-m diameter by 2.0 m 
deep, 18-m3). During the acclimation pe-
riod, no samplings were achieved to esti-
mate sexual development or growth. The 
young fish (2+ years of age) were held in a 
flow-through system (8 tank volumes/day), 
strong aeration and covered by shade cloth 
(70%). 

For broodstock feeding and manage-
ment, as well as spawned eggs handling, 
the procedure described by Ibarra-Castro 
and Alvarez-Lajonchère (2011) was fo-
llowed. Briefly, each morning after 12 to 
14 h after fertilization, eggs were removed 

from collector at somitogenesis stage. The 
number of floating and sinking eggs were 
estimated volumetrically using a 500-ml 
graduated cylinder, based on the equa-
tion E = -18.648 D + 16645; P = 0.05, r2 = 
0.9013 where E is the total number of eggs 
in 1 ml, and D is the average egg diame-
ter of 50 eggs (Ibarra-Castro and Alvarez-
Lajonchère 2011). To estimate the viability 
of floating eggs, a sample of >120 eggs was 
used and the percent of floating eggs with 
live embryos was recorded. Egg and oil 
droplet diameters were measured using 
a composed microscope Olympus BX41® 

with a calibrated ocular micrometer (± 10-
μm) at 4X. Before stocking the eggs in the 
larval rearing tanks, they were rinsed in 
fresh water for 3 minutes followed by im-
mersion for 10 minutes in presence of 2 
ppm chlorine dioxide (Pulih Purifica®) so-
lution as a prophylactic treatment to pre-
vent infection.

LarvaL and juvEniLE rEaring EnvironmEnt 
managEmEnt

Incubation and larval rearing were carried 
out in 6-m3 cylindrical fiberglass tanks 
with black walls and white bottoms. The 
initial working volume was 3 m3 of water, 
and after the first week, it was increased 
to 4m3, then to 5m3 and finally to 6-m3 du-
ring the second week (Fig 1). Hatching per-
centages for each tank were determined by 
incubating 50 eggs with live embryos in 
three 1-L beakers, recording the number 
of newly hatched larvae the next morning. 
The same procedure was used to estimate 
the viable percentages of larval survival at 
48-h post-hatch (hph), defined as a normal 
larval (straight, with open mouth, and pig-
mented eyes).

Seawater was pumped from a sub-sand 
system (Alvarez-Lajonchère et al., 2007) to 
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a 50 m3 reservoir and from it into two ele-
vated 10 m3 tanks and passed through two 
parallel pressurized sand filters, followed 
by multi-cartridge filtration (16 μm relati-
ve retention). Before supplying the water to 
the larval rearing section, this was recir-
culated through a heat-pump (Air Energy 
Model AE1000) to control the temperature 

at 26 °C. After that, the water was filtered 
again through a multi-cartridge 10-5-1 μm 
retention unit and finally passed through 
four UV-lamps (60 mJ cm-2 each). Through 
the egg incubation period and larval rea-
ring process, a protocol for the water quality 
and environmental management was esta-
blished (Fig 1). Control practices, cleaning, 

Fig. 1. Water quality and environmental management protocol during incubation, larval, and juvenile rearing of spotted 
rose snapper, Lutjanus guttatus.
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feeding, and behavioral observations, were 
made following Alvarez-Lajonchère et al. 
(2002).

LivE fEEd production, LarvaL and juvEniLE 
fEEding rEgimE

Rotifers Brachionus sp culture procedu-
res in the present study were described in 
detail by Rojo-Cebreros et al. (2017). The 

larvae were fed using rotifers from 2 to 20 
days post-hatched (dph) (Fig 2). Harvested 
rotifers were enriched with DHA Protein 
Selco® (INVE Aquaculture Inc., Mazatlan 
Mexico) at 150 mg/l for 18 h at a density of 
450 rotifers/ml.

Larvae were fed manually. Daily work 
started at 06:00 am by counting the re-
maining rotifers in the tank and repeating 

Fig. 2. Feeding regimen during larval and juvenile rearing of spotted rose snapper, Lutjanus guttatus.
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this procedure every four hours. Rotifers 
densities in the rearing tanks were main-
tained at 5-10/ml for early larvae up day 5 
dph and increased to 15-20/ml from 6 dph 
to 20 dph (Fig 2). Artemia was supplied 
from 15 dph to 30 dph, the first 5 days 
as newly hatched nauplii, and the bet-
ween 18 dph to 30 dph enriched metanau-
plii (A1 DHA Selco®, INVE Aquaculture 
Inc., Mazatlan Mexico), following manu-
facturer protocols. Each day Artemia was 
supplied on demand after counting the re-
maining individuals in the tank (every 
four hours). The Artemia nauplii densi-
ties in the rearing tank were 0.5 to 1/ml, 
while Artemia metanauplii were increa-
sed from 2 to 5/ml, throughout the cultu-
ring period. To maintain the quality of 
food during the day, Artemia nauplii and 
metanauplii were stored at 8°C. Weaning 
was initiated on 12th dph (Otohime®, from 
Proaqua, Mexico) supplied twelve times 
per day (Fig 2). The small juveniles we-
re fed with a mix from 0.8 mm to 3 mm, 
from day 30 to 90 dph using two different 
brands of marine fishmeal, Otohime® and 
SKRETTING® from Proaqua, Mexico.

LarvaL rEaring, nursEry, and sampLing of Larva 
and juvEniLEs 
A traditional rearing cycle was repea-
ted in twelve 6-m3 tanks using naturally 
spawned previously described. The rearing 
protocol was similar to the one described 
by Alvarez-Lajonchère et al. (2012), but 
applied with slight changes: larger tanks 
(6 m3 vs 3 m3), without the use of copepo-
ds, increasing the water flow, a stronger 
water treatment and major control physi-
cochemical variables during the culture. 
After prophylactic treatment, eggs were in-
cubated at 3 m3 as initial working volume 
and, increased gradually to 6-m3. Larvae 

were grown to 45 dph in the same tanks, 
after that, they were harvested and trans-
ferred to eighteen 5-m3 cylindrical fiber-
glass tanks for a nursery stage until 90 
dph without size-grading.

For general observations, the larvae 
and juveniles were immobilized with 0.15 
ml/l of 2-phenoxyethanol (Sigma-Aldrich, 
Inc, Toluca, Mexico) and observed with 
a compound microscope Olympus BX41® 
or using a stereoscope Olympus SZX16®. 
Juvenile growth was monitored every four 
to five days by measuring the total length 
(TL) of 25 individuals sampled at random 
from each tank. Larvae were sampled af-
ter concentrating them with a net. To take 
the larvae, a plastic 1-L beaker was used 
during the first two weeks. Hand nets 
were used afterward: briefly, in the 5-m3 
cylindrical fiberglass tanks, the water le-
vel of the tank was lowered to decrease 
larvae sampling stress. To estimate the 
numbers of harvested larvae, a gravime-
tric method was used following Schipp et 
al. (2007). Water quality parameters du-
ring egg incubation, larval and juvenile 
rearing were temperature 26 ± 2.0 °C, sa-
linity 35 ± 1.0 g/l, dissolved oxygen 6.1 ± 
0.6 mg/l (saturation: 88.8 ± 9%), pH 8 ± 
0.2 and NH3 lower than 0.05 mg/l.

RESULTS
Egg production and quaLity

During the whole production season, a to-
tal of 272 spawns were registered, with a 
total of 228.15 million eggs spawned, 92.9 
% were floating eggs, and an average viabi-
lity of 95 %. The average diameter in floa-
ting eggs stocked in the rearing tanks was 
760 ± 33 µm and the average in oil droplet 
diameter was 123 ± 10 µm.

From whole eggs spawned, a total of 
7,062,039 eggs were stoked in twelve 
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different culture tanks. An average of 
588,503 ± 209,477 of embryos was stoked 
per tank, with an initial volume of 3 m3, 
at densities of 196 ± 70 embryos/l. The in-
cubation period was 20 h at 26-28 ° C with 
average hatching of 88 ± 2%. The average 
larvae survival at first feeding (48-h) was 
55 ± 10%, with an average of 281,258 ± 
92,202 48-h larvae per tank and 105 ± 33 
larvae/l at first feeding, several more ti-
mes than in previous rearing trials.

production and survivaL of LarvaE and 
juvEniLEs

At ambient conditions of 26 ± 1.0 °C and 
salinity 35 ± 1.0 g/l, the larvae opened 
their mouths at the end of day 2 post-hat-
ching, and the first feeding started when 
the yolk sac was nearly absorbed. Rotifers 
were observed in the larval guts in the 
early morning of the third dph, 8 to 12 h 
after their first supply. The Artemia nau-
plii and enriched metanauplii were ob-
served in the larvae digestive tract on 
the first day that they were supplied. Co-
feeding involving rotifers and Artemia, to-
gether with artificial food, was achieved 
on the 15th dph (Fig 2).

A total of 338,812 juveniles were har-
vested, at an average of 28,234 ± 11,890 
per rearing tank, and an average survival 
from the first feeding to end of 45 dph rea-
ring period was 12 ± 9 %. To produce tho-
se juveniles, it was required to stock 10 
first feeding larvae per juvenile. The ave-
rage harvest weight was 0.47 ± 0.10 g BW 
at the end of the 45-d rearing. Finally, the 
average final harvest biomass per tank 
was 13 kg BW/tank. In nursery from 5-m3 
tanks, 180,000 juveniles were harves-
ted with a BW of 5-8 g, which represen-
ted an efficiency index of 19 / 48-h larvae/
juvenile.

gEnEraL obsErvations about morphoLogicaL 
dEvELopmEnt and growth in LarvaE and 
juvEniLEs 
Newly hatched larvae were transparent 
and presented a broad yolk sac that exten-
ded forward to snout and in front, it was 
observed the oil droplet below the head, 
there were no other structures detected. 
Total length (TL) larval size at hatch va-
ried between 1.18 to 1.4 mm. At the first 
feeding step, 54 to 72 hph, larvae showed 
morphology changes like eye pigmentation, 
mouth opening, functional jaw, esophagus, 
and three intestine division (anterior-mid-
posterior). Organs like the liver, pancreas, 
gallbladder, and swim bladder were obser-
ved. To cover the energy demands before 
first feeding, the spotted rose snapper, L. 
guttatus larvae consumed the total yolk re-
serve, and oil droplet between 38 h and 56 
hph, and the range of larvae size at first fe-
eding 48 hph was between 2.2 to 2.7 mm. 
Also, larvae growth slowed down during 
the first three weeks of culture (TL 2.6 to 
6.02 mm) (Fig 3). Between the fourth and 
fifth weeks in larval rearing, the larvae 
grew up from TL of 7 to 11 mm (Fig 3). 
In the nursery step at the end of the sixth 
week, the average body weight of juveniles 
was 7.34 g (Fig 4).

DISCUSSION
Total eggs spawned were higher than in 
other snappers with long reproduction pe-
riods as reviewed by Alvarez-Lajonchère et 
al. (2012). Variables such as percentages of 
floating eggs with live embryos at collec-
tion time and hatching showed high values 
(≥ 90%), like those obtained by Ibarra-
Castro and Alvarez-Lajonchère (2011), but 
at 48-h post-hatch, survival percentages of 
the present study were lower (55 %). These 
low percentages of larval survival at the 
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first feeding step were not a limitation to 
start the process of juvenile production, due 
to the great number of larvae produced. 
The reduction in the availability of larvae 
at first feeding could be due to the broods-
tock age (Carrillo et al., 2000), which affec-
ted the quality of the eggs during the first 
reproduction seasons as it has been repor-
ted for other species (Carrillo et al., 2000). 
Clearly defining a good quality in eggs for 
snapper cultures has been difficult, as re-
ported by Bardon-Albaret and Saillant 
(2017). 

During the present work, water quality 
variables were considered suitable for the 
species. However, dissolved oxygen levels 
in broodstock tanks (5 mg/l) were lower 
than those characteristics of the species 
spawning grounds (6 mg/l). To improve the 

maintenance, the establishment of a re-
circulation system and/or using packed 
columns could improve the oxygen level 
(Timmons and Ebeling, 2010). Stabilizing 
environmental conditions could have a di-
rect effect on the quality of the spawned 
eggs and larval survival.

Larval rearing survival percentages 
during the rearing period were stabilized 
in the present study, compared with tho-
se of previous experimental research trials 
(Abdo de la Parra et al., 2010), the first pi-
lot-scale trial (Alvarez-Lajonchère et al., 
2012) and earlier pre-commercial trials at 
CIAD-Mazatlan fish plant (Ibarra-Castro 
et al., not published), although in the pre-
sent work the juveniles were not size gra-
ded. The average survivals achieved for 
this species in Costa Rica (Boza-Abarca et 

Fig. 3. Growth in total length (mm) curve of spotted rose snapper, Lutjanus guttatus, larvae at water temperatures of 
26 ± 1.0 °C and salinity of 35 ± 1.0 g L-1. Each point represents the average ± standard error of the average of 25 fish 
sampled.
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al., 2008; Herrera-Ulloa et al., 2010) was 
also lower than in the present work. The 
increase in survival during larval culture 
in pilot-scale condition could be influenced 
by better water quality and stability of the 
parameters, together with strict control of 
feeding with live prey, and formulated feed 
supplied earlier. Best survival results we-
re reported by Schipp et al. (2001) with L. 
johnii, using a mesocosmos technique, fo-
llowed by Leu et al. (2003) with L. argenti-
maculatus (Table 1).

As in other marine fish larvae, high 
mortalities occur during the larval rea-
ring cycle. First, mortality was observed 
after the exogenous first feeding phase, 
which may be due to the few reserves of 
yolk and oil droplet, which is characteris-
tic of this group of species (Davis et al., 

2000). Besides, in the first rearing week, 
the larvae spend energy on developing all 
the structures and organs necessary to 
feed, which can contribute to more dras-
tic mortality. The second mortality period 
was observed through the metamorphosis 
phase (final inflation of the swim bladder, 
dorsal and pelvic fins appearance as well 
as torsion of the mid intestine). This mor-
tality was probably influenced by poor de-
velopment of internal organs, hyper swim 
bladder inflation, poor nutrition, and espe-
cially by cannibalism. The same periods 
of mortality were reported for this species 
by Boza-Abarca et al. (2008) and Alvarez-
Lajonchère et al. (2012), as well as for other 
snapper species (Tucker, 1998). These two 
critical periods are also frequent in other 
marine fish species (Kraul et al., 1993; 

Fig. 4. Growth curve in weight (g) of spotted rose snapper, Lutjanus guttatus, partially metamorphosed juveniles and 
juveniles at water temperatures of 26 to 31 °C and salinity of 33 to 35 g/l. Each point represents the average ± standard 
error of the average of 25 fish sampled.
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Tucker, 1998). In contrast, Watanabe et al. 
(1998) and Leu et al. (2003) did not report 
a critical period during the first two wee-
ks in mutton snapper and red mangrove 
snapper, respectively. 

Mortality during first feeding may be 
reduced with the use of smaller rotifers 80 
μm (neonates) or even a smaller species, 
as Proales similis (Hagiwara et al., 2014). 
During the first four to five days of larval 
rearing, it is essential to provide small size 
rotifers. Other small foods for early larvae 
are copepod nauplii and copepodites, which 
have the size and nutritional value requi-
red by the larvae of many marine fishes 
(Tucker, 1998). The use of copepods as the 
first food has been tested in other snappers 
(Singhagraiwan and Doi, 1993; Schipp et 
al., 2001; Leu et al., 2003; Ogle and Lotz, 
2006) with good results. However, cope-
pod production has logistic difficulties that 
lower the feasibility of larval mass produc-
tion, considering challenges of generating 
cultured copepods at a large scale, there-
fore copepods were not supplied during the 
present trials.

The second critical period of mortali-
ty is a complicated stage of metamorpho-
sis on which important morphological and 
physiological changes take place, as ex-
plained before. At this time, vital changes 
take place in the morphology and physio-
logy of the larvae. Also, the differential 
growth present leads to size hierarchies 
within the culture, which increased can-
nibalism, starting during the second week 
in the present species in previous rearing 
cycles, much earlier than in other snapper 
species, as reviewed by Alvarez-Lajonchère 
et al. (2012). 

As discussed previously by Alvarez-
Lajonchère et al. (2012), the growth of the 
larvae was slow during the rotifers feeding 

period and increased after Artemia meta-
nauplii were supplied. Growth in the pre-
sent study was much slower than in other 
snappers, but similar to mutton snapper 
(Watanabe et al., 1998) and other reports 
of spotted rose snapper (Boza-Abarca et 
al., 2008; Alvarez-Lajonchère et al., 2012). 
In addition, final densities were high, only 
slightly smaller than those reported by 
Leu et al. (2003) with L. argentimaculatus, 
and the present study (Table 1). As a con-
sequence of related to this parameter, final 
biomasses also showed higher values repor-
ted by Leu et al. (2003) with L. argentima-
culatus, Alvarez-Lajonchere et al. (2012) 
and the present report with L. guttatus 
(Table 1). The results obtained, especially 
juvenile production and efficiency could be 
improved by the following protocol chan-
ges: a) a significant increase in the initial 
stocking density; b) modifications to the 
feeding regime, as a continuous live food 
supplied, with an extended supply of roti-
fers and microalgae (to 25 dph), and ear-
lier supply of Artemia and micro-diets; c) a 
shorter larval rearing period; d) an inten-
sive nursery stage in smaller tanks with 
low water depth and strong water current; 
e) regular size grading. Similar rearing te-
chniques have been successfully applied to 
reduce cannibalism in other finfish species 
(Hecht and Piennar, 1993; Ostrowski et 
al., 1996; Schipp et al., 2007).

CONCLUSION
The research conducted showed that the 
procedures and management broodstock 
assured production of eggs and larvae. Also, 
the changes in the previous rearing proto-
col was successful for larval and juvenile 
production and that it is feasible to apply 
it at a commercial scale. Our recommenda-
tion for future researches is a combination 
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of changes suggested, together with a fi-
nancial analysis to evaluate the feasibili-
ty when implementing the rearing protocol 
to a commercial scale. However, five rea-
ring cycles with the present protocol could 
reach a minimum of one million juveniles 
in a year-round production. This number of 
juveniles was considered as a commercial 
scale by Kuronuma and Fukusho (1984).
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